Introduction {#Sec1}
============

Otitis media (OM) comprises a wide spectrum of diseases that include acute otitis media (AOM), recurrent acute otitis media (rAOM), otitis media with effusion (OME), chronic otitis media with effusion (COME) and chronic suppurative otitis media (CSOM) \[[@CR1]--[@CR3]\].

AOM is an acute inflammation and infection of the middle ear caused by bacteria and/or viruses. In general, it is a childhood disease that manifests as a rapid onset of fever and otalgia \[[@CR1], [@CR2], [@CR4]\]; if the child has ≥3 episodes of AOM in the preceding 6 months, or ≥4 episodes in the preceding 12 months, he should be considered to have rAOM \[[@CR1], [@CR5], [@CR6]\]. Patients who have more than six episodes in the first 6 years of life are called otitis "prone " \[[@CR7]\]. The presence of fluid in the middle ear with absence of acute signs and symptoms of infection and inflammation is defined as OME, and if the fluid persisted more than 3 months, it is considered as COME \[[@CR1]\]. CSOM is defined as an ear discharge with tympanic membrane (TM) perforation for more than 3 months \[[@CR1]\].

This chapter will scope on AOM and its complications, mainly acute and coalescent mastoiditis.

Epidemiology {#Sec2}
============

**AOM** is the second most common reason for a family physician's visit and the most common reason for prescribing antimicrobial drugs. It accounts for 10--15% of all childhood medical visits.

AOM has an incidence rate of 10.8/100 people per year \[[@CR8]\]. *70% of children manifest at least one episode of AOM even in developed countries.* Males have a higher incidence of AOM \[[@CR1], [@CR9]\].

AOM has a peak incidence at the age of 6--11 months \[[@CR1], [@CR9]\]; 59% of children will have one episode of AOM and 30% will have two episodes or more by the age of 2 \[[@CR1]\]. **rAOM** resolve spontaneously when the child gets older, often at 3--4 years of age. AOM incidence rate drops rapidly after the age of 5 years.

Pathogenesis {#Sec3}
============

AOM has multiple risk factors (host factors, environmental, microbiological and genetic factors) that interact with each other and make the patient more susceptible to become affected by AOM \[[@CR10]--[@CR12]\].

AOM is related to upper respiratory infections (URTI): More than 90% of AOM episodes develop after ***URTI*** \[[@CR1], [@CR7]\]; one of three children will develop AOM after URTI \[[@CR12]\]. URTI causes nasopharyngitis which affects Eustachian tube function, and induces a negative pressure in the middle ear with secondary suction of the nasopharyngeal secretions inside the middle ear. This explains why aspirates of AOM can show bacteria like *Streptococcus pneumoniae, Haemophilus influenzae and Moraxella catarrhalis* \[[@CR2], [@CR9]\], which are commensal to the nasopharynx \[[@CR13]\]. This mechanism is exaggerated by bottle-feeding, pacifier use, and other sucking behaviors. The initial course of the disease is thought to be of viral origin followed by superimposed bacterial infections \[[@CR2], [@CR12]\]. Many viruses have been implicated as causative agents which are found in 90% of AOM cases, such as the rhinovirus, coronavirus, enterovirus, respiratory syncytial virus (RSV), parainfluenza type 1, 2 or 3, influenza A or B, and adenovirus \[[@CR1], [@CR2], [@CR7], [@CR8], [@CR14]\]. Among all of these, RSV is believed to have the most frequent association with AOM \[[@CR12]\]. These viruses are thought to increase the adherence of the bacteria to the epithelium so enhancing bacterial colonization \[[@CR12], [@CR14]\], however, there is a rising evidence that viruses alone can cause AOM without bacterial superinfection in 10--15% of cases, a point that should be kept in mind while treating AOM with antibiotics \[[@CR12], [@CR14]\].

**Genetics** play an important role in the susceptibility of an individual to AOM \[[@CR1], [@CR2], [@CR9], [@CR11], [@CR12]\]: When comparing genetic to environmental risk factors, genetic predisposition with a specific genotype was found to be a stronger risk factor than the socioeconomic status. Positive family history of otitis media is a strong risk factor for developing AOM and other forms of otitis media.

Native American Maori or Australian Aborigine populations have more prevalence of AOM as compared to the white population \[[@CR1]\]. One cohort study showed that heritability is found in 38.5% in rAOM \[[@CR11]\]. Some investigators have linked this susceptibility to inherited poor ET function \[[@CR2]\]. Other investigators found that specific polymorphisms of some cytokines have been correlated to the susceptibility of an individual to AOM and to the severity of the disease as well \[[@CR10], [@CR12]\]. IL-1s, IL-6 and TNFα have been found in nasopharyngeal secretions during URTI and increased levels of IL-1s are linked to the transition to AOM \[[@CR12]\]. TNFα-308 polymorphisms are associated with AOM that follows URTI. In addition, some rAOM patients were found to have TNFα-308 and IL-6-174 polymorphisms \[[@CR12]\]. Genes for Fcg-receptor IIa (FcgRIIa), IL-10, CD14, toll-like receptor 4 (TLR4), surfactant, and interferon gamma (IFNg) are believed to be responsible for an AOM risk \[[@CR11]\].

The importance of environmental factors must not be underestimated in the pathogenesis of AOM; is one of otitis media major risk factors \[[@CR1], [@CR3], [@CR8]--[@CR10]\]. Passive smoking causes mucosal inflammation, goblet cells hyperplasia and an increase in the production of mucus, all together impairs mucosal muco-ciliary clearance and increases bacterial colonization by enhancing the bacterial binding to respiratory epithelium \[[@CR1], [@CR10]\]. Children of mothers who smoked during pregnancy and stopped after delivery still have a higher incidence of AOM \[[@CR10]\].

Some studies found a role of gastroesophageal reflux disease (GERD) \[[@CR1], [@CR15]\]; is found in 62.9% of patient with rAOM. In fact, pepsin/pepsinogen can be found in the middle ear in 85.3% of otitis media patients that could be explained by the reflux; however a cause and effect relationship could not be established \[[@CR15]\].

There are **other** risk factors that are related to AOM, like prematurity \[[@CR9]\], young age \[[@CR1], [@CR8]\], day care attendance \[[@CR3], [@CR9], [@CR10]\], increased number of siblings, dummy use \[[@CR1], [@CR9]\], autumn and winter seasons \[[@CR1]\], craniofacial anomalies \[[@CR8]\], asthma \[[@CR3]\] and atopy \[[@CR3], [@CR8]\] (Fig. [2.1](#Fig1){ref-type="fig"}).

An epidemiological survey from Denmark \[[@CR16]\] stated that the following factors were predictive of early AOM and rAOM: male gender, prematurity, parity (number of pregnancies the mother has had), maternal age, maternal self-estimated health, maternal intake of penicillin during pregnancy, and termination of breastfeeding before the child was 6 months old (Fig. [2.1](#Fig1){ref-type="fig"}).Fig. 2.1Interactive predisposing factors of acute otitis media

Microbiology {#Sec4}
============

AOM is usually a complication of an acute viral upper respiratory infection. The most common bacterial pathogens associated with the diagnosis of AOM are: *Streptococcus pneumoniae, Haemophilus influenzae and Moraxella catarrhalis* \[[@CR3], [@CR17], [@CR18]\].

is the most common, found in 35--45% \[[@CR3], [@CR18]\]. Patients infected with this microorganism tend to have more severe disease \[[@CR3], [@CR13]\]. The serotypes responsible have been changed after the introduction of pneumococcal 7-valent conjugate vaccine (PCV-7) \[[@CR3]\].

has become more common after PCV-7 vaccine \[[@CR3]\]. It is related to bilateral disease, recurrent cases, and conjunctivitis with the so called "otitis-conjunctivitis syndrome" \[[@CR3], [@CR13], [@CR17]\].

is found in 10--20% of cases \[[@CR17]\], 100% are beta lactamase producers \[[@CR17]\].

All of the above pathogens have the ability to form biofilms \[[@CR13]\], which are thought to be responsible for the resistance to antimicrobial therapy \[[@CR13]\].

***Group A Streptococcus, Group B Streptococcus, Staphylococcus aureus and gram-negative bacilli*** are other bacteria that can be encountered in approximately 15% of cases \[[@CR3]\]. A first episode of bacterial infection with invasive strains (like invasive strains of *Streptococcus pneumoniae*) can lead to mucosal changes which make the ear more susceptible to acquire the disease by less virulent strains \[[@CR19]\].

*Approximately 5% of ears have multiple pathogens. In approximately 20--30% of ears with clinical AOM* \[[@CR20]\], *no bacterial pathogen was identified by tympanocentesis.*

Respiratory viruses including RSV, rhinovirus, adenovirus, influenza virus, parainfluenza virus, and CMV are isolated from the cultures of approximately 20% of middle ear samples, half of them have bacterial/viral co-infections \[[@CR20]\].

In cases of simultaneous infection with pathogenic viruses and bacteria, antibiotic response appears to be inferior to that of children that have only a bacterial infection, and microbiologic failure can occur despite clear in vitro sensitivity to the used antibiotic. Consequently, a second course of antibiotics can effectively clear the bacteria after the immune system has cleared up the viral infection.

Clinical Manifestations {#Sec5}
=======================

Symptomatology {#Sec6}
--------------

AOM has typically a short history of onset; it is commonly associated with fever, otalgia, ear pulling, irritability, lethargy, anorexia, and vomiting.

Earache *is one of the most common and distressing symptoms of AOM.*

*Ear* pulling is not specific as only 10% of ear pullers will have AOM.

These symptoms alone lack sensitivity and specificity; the diagnosis of AOM must rely on otoscopy findings.

Immunosuppressed patients, particularly those undergoing chemotherapy, may not manifest the typical acute inflammatory symptoms whereas systemic sepsis and middle ear effusion might be the only indicators of AOM.

Examination {#Sec7}
-----------

Performed under ideal conditions, otomicroscopy with adequate visualization of the eardrum (cleaning the ear canal is most often required) allows proper diagnosis of AOM (Fig. [2.2](#Fig2){ref-type="fig"}). Non-cooperative children usually need to be restrained. Diagnosis may be difficult in very young children but it is important to accurately do so. A first episode of AOM before 6 months of age is likely to lead to recurrence of AOM, and subsequently, significant periods of OME with diminished hearing and delayed speech.Fig. 2.2Left ear acute otitis media with bulging of the hyperemic tympanic membrane and yellowish effusion in the middle ear cavity

The common otoscopic findings of AOM are:**Hyperemic** and hypervascularized tympanic membrane. Early AOM may be diagnosed by inflammation which is seen along the handle of malleus and in the superior pole of the tympanic membrane.**Bulging** tympanic membrane is the only specific sign for AOM. In the absence of a bulging ear drum but with clinical suspicion of AOM, pneumatic otoscopy is necessary to differentiate AOM from myringitis.**Purulent effusion** behind a bulging tympanic membrane.When the process advances, a **perforation** of the tympanic membrane may occur, which allows spontaneous drainage of pus from middle ear and the patient would generally experience rapid relief of the pain and fever. Nowadays, it is not unusual that the otologist sees the patient at this stage. During otoscopic examination, a yellowish pulsatile discharge is seen oozing through pinpoint perforation.**The discharge** is initially purulent, though it may be thin and watery or bloody; pulsation of the otorrhea is common. Otorrhea from an acute perforation normally lasts 1--2 days before spontaneous healing occurs. Otorrhea may persist if the perforation is accompanied by mucosal swelling or polypoid changes.

Diagnosis {#Sec8}
=========

The diagnosis of AOM requires the presence of inflammation and pus in the middle ear, and acute onset of symptoms and sign of ear infection, i.e., earache, fever, irritability, poor feeding or vomiting, often associated with cough and rhinitis.

Diagnosis of acute otitis media (AOM) requiresSymptoms of fever, otalgia, or irritability in young childrenBulging of the tympanic membraneErythema and hypervascularisation

in AOM is very painful and must be avoided.

and are helpful to differentiate AOM from *acute bullous myringitis* and other differential diagnosis (Fig. [2.3](#Fig3){ref-type="fig"}).

***Tympanometry*** is helpful but must still be used in conjunction with compatible history.

***Tympanocentesis***: Tympanocentesis is considered as the gold standard therapy in AOM; especially after failure of second course of antibiotics, the aspirate provides material for the culture to direct antibiotherapy \[[@CR4], [@CR7]\].

***Laboratory studies***: Not needed for the diagnosis. However one study by Pichichero and Almudevar indicated that the presence of AOM caused by non-typeable *H. influenzae*, as well as the disease's cure, can be determined from serum levels of S100A12 protein and interleukin-10 (IL-10) \[[@CR21]\].

***Imaging studies***: Radiologic studies are generally unnecessary in uncomplicated AOM. Role of CT-Scan or MRI in the diagnosis of complications will be presented in a dedicated chapter (see Chap. 10.1007/978-3-319-72962-6_9).

Differential Diagnosis of AOM {#Sec9}
=============================

***Myringitis*** - inflammation of the tympanic membrane. This is usually associated with viral infections of the upper respiratory tract., (rare) - caused by *Mycoplasma pneumonia*, and causes severe localized otalgia without systemic symptoms and without middle ear effusion. The bullae or blebs may contain serous or hemorrhagic fluid and pain is relieved by puncturing the bleb without opening the eardrum (Fig. [2.3](#Fig3){ref-type="fig"}).Fig. 2.3Right ear otoscopy in a child presented with ear pain and fever showing bullous myringitisOtitis externa, rare in children, usually occurs after swimming and is associated with severe pain and tragal tenderness. The child is usually afebrile with good general condition.Dental painAcute viral pharyngitis

Management of AOM {#Sec10}
=================

General Concepts {#Sec11}
----------------

*Routine use of antibiotics, especially in children 2 years and older, is not indicated because of the high rate of spontaneous resolution. Watchful waiting for 48 to 72 hours before initiating antibiotic therapy if symptoms are manageable with analgesics.Acute otitis media (AOM)managementconceptsThe goals of antibiotic treatment of AOM are to:* • *Produce fast clinical cure*• *Prevent complications*• *Eradicate bacteria from middle ear and thus reduce recurrence rateThe most important factor is not to prescribe antibiotics for inappropriate diagnosis of AOM. Inappropriate use of antibiotics have caused adverse effects and increased antibiotic resistance.*S. pneumonia has the lowest spontaneous resolution rate and is associated with more serious complications, it is essential to ensure optimal coverage for this organism.*Observation alone is not suitable for high-risk or vulnerable populations such as indigenous children in remote settings or those with cleft palate, Down syndrome or immunodeficiency syndromes* \[[@CR2]\]*Children younger than 6 months of age with AOM must be treated with antibiotics without the initial observational waiting time.Oral antibiotic treatment of a first AOM episode occurring during infancy does not affect the number of AOM recurrences.*Persistent otitis media infections can arise from the failure to completely eradicate the original bacterial infection, the presence of biofilms, or intracellular bacterial infection of the middle ear mucosal cells, particularly mucus-secreting cells \[[@CR22]\].

Guidelines {#Sec12}
----------

Every nation has its own guidelines of therapy recommendations, there is no universal guidelines. In general, guidelines are more applied by the young generation of physicians than by the older ones.Most guidelines use the same diagnostic criteria, and propose *watchful waiting* in mild-moderate scenarios*The routine prescription of antibiotics for AOM ranges from 31% in the Netherlands to 98% in the USA and Australia.Current American Academy of Pediatrics Guidelines for the treatment of AOM recommend:* *that antibiotics should be used in children aged over 6 months when unilateral or bilateral AOM is severe (moderate to severe otalgia, otalgia lasting at least 48 h, temperature 39 °C)*\[[@CR23]\].*Antibiotics should also be prescribed if AOM is not severe but bilateral in a child aged 6--23 months.In the case of non-severe unilateral AOM in a child aged 6--23 months, or non-severe unilateral/bilateral AOM in a child aged 24 months or older, antibiotics may be prescribed or observation offered; if observation is chosen, a mechanism should be in place to give antibiotics if symptoms do not improve in 48--72 h.****For rAOM****, insertion of ventilation tubes should be considered if rAOM is associated with a persistent middle ear effusion between AOM attacks* \[[@CR24]\]*No prophylactic antibiotics for* *rAOM*

Choice of Antibiotics {#Sec13}
---------------------

***Amoxicillin*** *is the first-line agent for the treatment of acute otitis media in children* \[[@CR5]--[@CR7]\]*; as most S. pneumoniae and H. influenzae are still susceptible* \[[@CR9]\]*. If severe signs and symptoms persisted more than 2--3 days of amoxicillin use, then antibiotics should be changed to amoxicillin-clavulanate, or second generation or third generation cephalosporin* \[[@CR5]\].*If there is a recent history of amoxicillin use in the last 30 days, in recurrent cases or if the patient has conjunctivitis, then Beta lactamase coverage should be added \[*[@CR5]*,*[@CR7]*\].Cefdinir, cefuroxime and ceftriaxone should be considered in case of penicillin allergy* \[[@CR5]\]*, macrolides can be used in allergic cases as well* \[[@CR5], [@CR9]\].

The Duration of Antibiotherapy {#Sec14}
------------------------------

The duration of antibiotherapy *is for 10 days for children below 2 years and 5--7 days for older children* \[[@CR5]--[@CR7]\]*. Children who present with perforation of the tympanic membrane should receive 10 days of antibiotic therapy.*

***Antibiotherapy of 10 Days Duration*** ***\< 24 months old**Perforated eardrum**Recurrent AOM**Failure of first line agents***

*Clinicians should reevaluate a child whose symptoms have worsened or that did not respond to the initial antibiotic treatment within 48--72 h and change the treatment.*

It is not indicated to give antihistamine, decongestants or corticosteroids \[[@CR2], [@CR6]\].

Tympanocentesis {#Sec15}
---------------

Few days after the start of the therapy, when the medical treatment is ineffective and the purulent effusion is under pressure, tympanocentesis is the solution because it permits an efficient drainage and immediate relief of symptoms and allows identification of the causative bacteria and its sensitivity. Also it is found that tube insertion reduces the recurrence rates of AOM \[[@CR6], [@CR7], [@CR9]\], and improves the quality of life of children in terms of hearing and speech \[[@CR5]\]. Actually one of the main factors behind the rAOM is the lack of good control of the first episode of AOM when the ear is left with an important residual middle ear effusion.

Tympanocentesis should be performed in the following AOM patients \[[@CR25]\]:Patients in whom adequate antimicrobial treatment has failed to control the infectionPatients who have a complication that requires a culture for adequate therapyNeonates younger than 6 weeks (more likely to have an unusual invasive pathogen)Patients who are immunosuppressed or immunocompromised

Anti-GERD {#Sec16}
---------

No sufficient data is present about using anti-reflux in rAOM \[[@CR15]\] but some studies found that controlling GERD by anti-reflux medication can decrease rAOM and tympanostomy tube insertion rates.

Follow up {#Sec17}
---------

Normally the symptoms of AOM should resolve within 72 hours of initiating antibiotic treatment. However, middle ear effusion may persist for up to 1 month in 50% and up to 3 months in 25% of patients despite bacteriological cure. Therefore, persistence of middle ear fluid after full course of antibiotic therapy for AOM is not an indication for continued antimicrobial therapy. Follow up should be done after 4--8 weeks for uncomplicated cases of AOM to look for persistent middle ear effusion \[[@CR6]\] (See Chap. 10.1007/978-3-319-72962-6_3). In general, AOM is a symptomatic disease and screening is not indicated \[[@CR8]\].

Prevention of Recurrent AOM {#Sec18}
===========================

Recurrent otitis media (rAOM) is defined as 3 or more episodes of AOM over the preceding 6 months, or 4 or more episodes in the last year. Under these circumstance, prevention of further attacks is desirable. Modification of risk factors, when possible, are of benefit. Breast feeding has a protective effect at least for the first 6 months and preferentially to be continued for the first year \[[@CR5]\]. Elimination of smoking from the environment and avoidance of pacifiers have been shown to help reduce the recurrence of AOM. Vaccinations are other preventive measures \[[@CR3], [@CR5], [@CR7], [@CR26]\]. PCV7 has been shown to decrease AOM rates and tympanostomy tube placement for recurrent diseases \[[@CR26]\] and is more effective if given during infancy \[[@CR6]\]. It can prevent the early episodes of the disease and prevent the mucosal changes, that make the ear more susceptible to infection by other *S. pneumoniae* serotypes, that are not covered by PCV \[[@CR19]\]. Some studies found that Live Attenuated Influenza Vaccine (LAIV) has decreased the incidence of AOM by 12.4%, if given between 6 and 71 months of age \[[@CR7]\], but others found influenza vaccine is not effective in preventing AOM \[[@CR6]\]. The American Academy of Pediatrics recommends administration of pneumococcal conjugate vaccine and influenza vaccine for all children \[[@CR5]\].

Despite promising results, there is still a real concern about the long-term benefit from vaccination. A recent study has highlighted concerns regarding the increasing incidence of AOM-related complications. Following the introduction of vaccinations, AOM-related complications, including mastoiditis and other intracranial complications, diminished considerably, however, they returned to pre-vaccination levels after a few years \[[@CR27]\]. Antibiotic prophylaxis has only minimal effects on recurrent otitis media, decreasing recurrence by approximately one episode per year. Antibiotic prophylaxis is no longer recommended in the management of rAOM.

As the child grows older, the incidence of recurrence declines.

Acute Otitis Media in Adult {#Sec19}
===========================

**AOM in adult is:**

*Much less* *common* *than in children: the incidence in adults is widely quoted as 0.25% per year.* Mostly bacteria and mainly *Haemophilus Influenzae* is the dominating germ; *S. pneumoniae* is less involved since vaccinationOtalgia is a more common presenting symptom and may occur without fever or hearing loss and may be the only presenting feature.Complications are rare

*Immediate antibiotic prescription to an adult with AOM:* To patients who are systemically unwell but do not require admission.To those at high risk of complications because of significant heart, lung, kidney, diabetes, liver or neuromuscular disease, or to those who are immunocompromised.

Complications of Acute Otitis Media {#Sec20}
===================================

Tympanic membrane perforation occurs in 7% of the cases and tends to heal in 98% of cases in the first 1--2 weeks \[[@CR7]\]. Other complications and sequelae of AOM are important causes of preventable hearing loss, particularly in developing countries. ***Meningitis*** (pneumococcal origin of AOM is the most important pathogen linked to meningitis \[[@CR7]\]), facial ***palsy and coalescent mastoiditis***. Also systemic complications could occur such as bacteremia, septic arthritis, or bacterial endocarditis.

Facial Paralysis {#Sec21}
----------------

Incidence: *Nowadays* *, facial paralysis is a very uncommon complication of AOM with an estimated incidence of 0.005%; it was not so rare in the pre-antibiotic era* \[[@CR28]\].

**Mechanism of facial paralysis:** It is thought that facial paralysis in AOM is caused by spread of infection under pressure from the middle ear cavity into the facial nerve sheath with resultant intrafallopian inflammatory edema and consequent ischemia and neuropraxia. Presumably this occurs either through \[[@CR1]\] preexistent bony dehiscences \[[@CR2]\], physiologic canaliculi between the middle ear and the Fallopian canal, or \[[@CR3]\] vascular connections between the Fallopian canal and the mastoid air cells.

**Site of involvement:** the exact site of the inflammatory involvement causing facial palsy in AOM is difficult to determine, but through the topographic tests it was observed that the site of involvement is infrageniculate in 90% of cases and suprageniculate in 10% \[[@CR29]\].

**Treatment:** it is a consensus among most otologists that the conservative approach for facial palsy in AOM is the most appropriate one: it consists of *antibiotherapy and* *myringotomy with tube placement; steroids may be added.* In certain cases when the facial recovery is delayed and the patient keeps a grade VI paralysis after 3 weeks of treatment, imaging is indicated to rule out associated pathologies.

Unlike in CSOM, facial palsy in AOM presents, in most cases, an excellent prognosis with the adequate treatment.

Acute Coalescent Mastoiditis in Children {#Sec22}
========================================

*Acute* *coalescent mastoiditis* *is the most common suppurative complication of* *AOM in young children*.

In many cases, this may be the presenting complaint of children with AOM. Early diagnosis and adequate treatment of this condition are essential to avoid fatal complications. In the era of antibiotics, coalescent mastoiditis has an incidence of \<1% in patients with AOM \[[@CR30]\]. The incidence and the clinical picture of mastoiditis have changed greatly with the advent of antibiotics when reliance on antibiotics alone leads to less vigilance in diagnostic and therapeutic interventions; "this has led to a generation of ENT specialists and pediatricians trained in an atmosphere of complacency in the treatment of AOM; recently, a delay is noted in the recognition of mastoiditis and its related intracranial complications in children and in the initiation of the appropriate therapy" \[[@CR31]\].

Despite the use of advanced imaging modalities, antibiotics, and microsurgical procedures, the resulting mortality of intracranial otogenic complications in acute coalescent mastoiditis remains of approximately 10% \[[@CR32]\].

Definitions {#Sec23}
-----------

Acute mastoiditis is subdivided according to the pathologic stage:(also called incipient mastoiditis) is defined by the presence of purulent material only in the mastoid cavity.**Acute coalescent mastoiditis** (also called " acute mastoid osteitis") ***is defined by the acute form of destruction of the thin bony septae between mastoid air cells***. It may be followed by the formation of abscess cavities and the dissipation of pus into adjacent areas.(also called subacute mastoiditis) refers to a low-grade, subacute, but persistent infection in the middle ear and mastoid with destruction of the bony septae between air cells. It occurs in patients with persistent middle ear effusion or recurrent episodes of AOM without sufficient antimicrobial therapy.

Pathogenesis {#Sec24}
------------

The clinical course of AOM is often short and self limited because of the host's immune system defense, the infection-resistant nature of the mucosal linings, and the susceptibility of the major organisms to oral antibiotics.

Approximately 1--5% of untreated or inadequately treated patients with AOM may experience complications. Prior to these complications, alarming signs and symptoms may appear: severe earache and/or headache; vertigo; chills and fever; and meningeal symptoms or signs \[[@CR33]\].

Acute coalescent mastoiditis is a rare complication of severe AOM. During an episode of severe AOM, the mucosa in the epitympanum becomes hyperplastic, it blocks the aditus ad antrum leading to entrapment of purulent material within the mastoid air cells. As pus and granulations accumulate under pressure, mastoid air cells bony septation become subjected to pressure and osteitic necrosis; small air cells coalesce into larger ones by bony septation necrosis with a resultant *coalescence of mastoid air cells* called "acute coalescent mastoiditis" (Fig. [2.4](#Fig4){ref-type="fig"}).Fig. 2.4Pathogenesis of coalescent mastoiditis

Essentially, coalescent mastoiditis is an empyema of the temporal bone. Pus may leave the area of coalescence by direct extension, thrombophlebitis, or through preformed bony pathways. If the outer cortical bone is violated a postauricular, subperiosteal abscess is formed, causing an ear protrusion downward and outward. However, if the inner cortical table is violated, an intracranial complication can occur: sigmoid sinus thrombosis, meningitis, epidural or subdural abscess, or brain abscess.

Subperiosteal abscess is seen in nearly 50% of patients diagnosed with coalescent mastoiditis \[[@CR34]--[@CR37]\]. If not recognized at its early stage, the coalescent mastoiditis could be the cause of fatal intracranial complications. The incidence of intracranial complications has been reported between 6.8% and 23% when acute mastoiditis is diagnosed \[[@CR38], [@CR39]\] (see Chap. 10.1007/978-3-319-72962-6_9).

Risk Factors {#Sec25}
------------

As with most infectious processes, host and microbial factors have to be considered when evaluating acute mastoiditis (Fig. [2.5](#Fig5){ref-type="fig"}).Fig. 2.5Risk factors of acute coalescent mastoiditis

### Host Factors {#Sec26}

**Age \< 2 years**: Most children presenting with acute coalescent mastoiditis are younger than 2 years of age and have little history of otitis media. At this age, the immune system is relatively immature, particularly with regard to its ability to respond to challenges from polysaccharide antigens.

**Incomplete mastoid pneumatization**: Mastoid antrum is the only mastoid air cell present at birth. Mastoid pneumatization starts shortly after birth, but it is not active during the first two years of life. After the age of 2 years, mastoid pneumatization becomes very active and is almost complete at the age of 10 years. The antrum and the mastoid air cells are lined with respiratory epithelium that becomes oedematous due to inflammation and infection. Non-pneumatized mastoid is more prone to coalescent mastoiditis because the narrow aditus ad antrum can be easily blocked by inflammatory epitympanic mucosa during an episode of severe AOM.

Other host factors, such , have shown an increased likelihood of developing middle ear infections and more than two-fold greater predisposition for coalescent mastoiditis \[[@CR40]\].

### Microbial Factors {#Sec27}

The most common etiologic agent causing mastoiditis is *Streptococcus pneumoniae*, followed by *Haemophilus influenzae* and group A *Streptococcus pyogenes* (GAS). Each of these bacteria has invasive forms and is recovered most often from children presenting with acute mastoiditis.

Reported pathogens in mastoiditis include the following \[[@CR41]--[@CR60]\]*Streptococcus pneumoniae*---Most frequently isolated pathogen in acute mastoiditis, prevalence is approximately 25%*Group A beta-hemolytic streptococciStaphylococcus aureusStreptococcus pyogenesHaemophilus* *influenzae*

Several case series show that 33--81% of patients diagnosed with acute coalescent mastoiditis had been treated with appropriate first-line agents for AOM prior to development of mastoiditis, suggesting that antibiotics administered for AOM treatment do not eliminate the risk of developing this complication \[[@CR61]\].

Epidemiology (Figs. [2.6](#Fig6){ref-type="fig"} and [2.7](#Fig7){ref-type="fig"}) {#Sec28}
----------------------------------------------------------------------------------

Today, the estimated incidence of coalescent mastoiditis is less than 0.01% of AOM \[[@CR55]\]. Fig. 2.6Epidemiology of acute coalescent mastoiditisFig. 2.7The evolution of incidence of acute coalescent mastoiditis over time

Acute mastoiditis is a disease of the very young. Most patients present younger than the age of 2 years, with a median age of 12 months. However, it can occur in persons of any age. Some fear that untreated otitis media increases the risk of acute mastoiditis and is the cause of higher incidences in developing countries and very young children \[[@CR62], [@CR63]\].

In the pre-antibiotic era, up to 20% of cases of AOM were complicated by acute mastoiditis and were frequently associated with more severe intracranial complications \[[@CR64]\].

The advent of sulfonamides in the 1930s and 1940s decreased hospitalizations for AOM by 50% and mastoidectomies by 80% \[[@CR65]\]. This reduction was amplified with the introduction of penicillin and other early antibiotic regimens directed toward common pathogens of the middle ear \[[@CR66]\]. The reported incidences decreased from 0.4% in 1959 \[[@CR67]\] to 0.004% in the 1980s \[[@CR68]\].

Since 1989, however, several investigators have documented an epidemiologic resurgence of acute mastoiditis in children \[[@CR64], [@CR67]--[@CR71]\]. Some studies have incriminated the common practice of administering broad-spectrum antibiotics in increasing the prevalence of resistant bacteria that can spread the infection into the mastoid bone \[[@CR72]--[@CR76]\].

The incidence of acute mastoiditis in children \<2 years of age exhibited a dynamic pattern from 1999 to 2008: a significant decline early after introduction of PCV-7 was followed by an increase in subsequent years to pre-PCV-7 levels.

A retrospective review of pediatric patients in Colorado found that the annual incidence of acute coalescent mastoiditis in children under age 2 years dropped from 11.0 per 100,000 population in 2001, a year after PCV-7 was introduced, to 4.5 per 100,000 population in 2003. By 2008, however, the incidence had again raised to 12 per 100,000 population \[[@CR77]\].

Non-PCV-7 pneumococcal serotypes and increased pneumococcal antibiotic resistance may be responsible for this increase in incidence in comparison to pre-PCV-7 rates.

*Although becoming less common, coalescent mastoiditis remains even nowadays a subject of first interest and concern for pediatricians and otolaryngologists* *.*

Clinical Features {#Sec29}
-----------------

Approximately 40% of children with acute mastoiditis had a positive history of previous AOM, and 50% of patients having coalescent mastoiditis had received antibiotics before presentation. However, the absence of AOM (current or recent) does not exclude the diagnosis of coalescent mastoiditis because it may take place very rapidly during the onset of an AOM episode.

The diagnosis of acute mastoiditis is usually made clinically in children with characteristic findings. The most frequent diagnostic criteria include (Figs. [2.8](#Fig8){ref-type="fig"} and [2.9](#Fig9){ref-type="fig"}):Irritability and lethargyFeverOtalgiaPostauricular erythema, tenderness, swelling, fluctuance, or massProtrusion of the auricleOedema and sagging of the posterosuperior wall of the external auditory canalNipplelike protrusion of the central tympanic membrane, usually oozing pusFig. 2.8Main clinical features of acute coalescent mastoiditisFig. 2.9Signs and symptoms of acute coalescent mastoiditis in order of frequency: Lethargy/malaise (96%); Abnormal tympanic membrane (82%); Postauricular erythema, postauricular tenderness, and/or protrusion of the pinna (80%); Fever (76%); Narrowing of the external auditory canal (71%); Ear pain (67%); Otorrhea (50%)

is a nonspecific sign but it is sensitive and may be predictive of complications or the need for surgical intervention. High-spiking "picket-fence" fever may be indicative of sigmoid sinus thrombophlebitis.

**Examination of the tympanic membrane:** Tympanic membrane findings consistent with AOM (e.g., bulging, marked erythema or acute perforation with purulent otorrhea in the absence of otitis externa) are often present.

A normal-appearing tympanic membrane usually (but not invariably) excludes mastoiditis.

**Laboratory Features**: The peripheral white blood cell count in children with acute coalescent mastoiditis is usually elevated, often with a left shift. The erythrocyte sedimentation rate and C-reactive protein are also elevated.

Immunologic evaluation may be warranted in children with recurrent episodes of AOM leading to mastoiditis.

CT-Imaging {#Sec30}
----------

The CT Imaging plays a determinant role in confirming the diagnosis and in orienting plans for management. CT allows differentiation between a mere condensation of the mastoid system in common acute purulent otitis media and disruption of the intercellular bone septa that is indicative for coalescent mastoiditis. Also CT-Scan may confirm the diagnosis in children without characteristic clinical findings.

**CT findings in children with acute coalescent mastoiditis include the following:** *Fluid and/or mucosal thickening in the middle ear and mastoid condensation images*: this is a nonspecific finding that occurs early in the course; it is often seen in children with AOM with mastoiditis and may even be observed as an incidental finding in asymptomatic children.*Loss of definition of the bony septae that define the mastoid air cells*: this finding is diagnostic of coalescent mastoiditis (Fig. [2.10](#Fig10){ref-type="fig"}).*Destruction or irregularity of the mastoid cortex* (Fig. [2.11](#Fig11){ref-type="fig"}).*Periosteal thickening, disruption of the periosteum, subperiosteal abscess* (Figs. [2.10](#Fig10){ref-type="fig"} and [2.11](#Fig11){ref-type="fig"}). Fig. 2.10Axial non injected CT-image of a 2 y-o boy with acute otitis media on both sides. Mastoid cells are opacified on the right side (single arrow), the bony septa are preserved: non specific sign of mastoiditis. On the left side, the bony septa of the mastoid are resorbed (double arrow): sign of coalescent mastoiditis. Associated large retroauricular soft tissue swelling (between the white arrows) with protrusion of the auricle (empty arrow), but no lysis of the mastoid cortex. Note the diffuse condensation of the ethmoidal (E) and sphenoidal (S) sinusses Fig. 2.11Axial non injected CT-image of another 1½ year child, with acute otitis media and retroauricular swelling. (**a**) The mastoid is not well developed, atticoantral and mastoid cell condensations. (**b**) destruction of the mastoid cortex (between the two arrows) and a voluminous extratemporal soft tissue thickening (\*): subperiosteal abscess

**In case of suspected complications, CT has preferentially to be done with contrast injection or should be followed by MRI, dependent on age and compliance of the patient.**

Differential Diagnosis {#Sec31}
----------------------

The differential diagnosis of acute coalescent mastoiditis includes other causes of postauricular inflammation or swelling::This is a common mimicker of mastoiditis. Severe pain over the tragus and pinna differentiates this entity from mastoiditis.**Perichondritis of the auricle**: Characterized by swelling and erythema of the pinna and may spread to the periosteum of the postauricular area. In contrast to acute mastoiditis, the postauricular crease is preserved, and the tympanic membrane appears normal.: Benign and malignant tumors of the mastoid bone (e.g., aneurysmal bone cyst, acute lymphocytic leukemia, Langerhans cell histiocytosis) may have clinical features similar to mastoiditis.

Complications {#Sec32}
-------------

Complications of coalescent mastoiditis are related to the spread of infection from the middle ear or mastoid to contiguous structures. In some cases, the complication is the presenting complaint.

In most case series, the rate of complications is approximately 10--20% (range 7--60%) \[[@CR41], [@CR42], [@CR46], [@CR47], [@CR57], [@CR58], [@CR78], [@CR79]\]. In a multicenter study, *S. pyogenes* was associated with the highest rate of complications at presentation (50%) and *S. aureus* with the highest rate of complications during hospitalization (31%) \[[@CR42]\].

### Extracranial Complications of Acute Coalescent Mastoiditis Include (See also Chap. 10.1007/978-3-319-72962-6_9) {#Sec33}

#### Subperiosteal Abscess---(Fig. [2.12](#Fig12){ref-type="fig"}) {#Sec34}

Signs of subperiosteal abscess include erythema, fluctuance, and a tender mass overlying the mastoid bone. Subperiosteal abscess occurs in about 50% of cases of acute mastoiditis \[[@CR79]\].Fig. 2.12Coalescent mastoditis with subperiosteal abscess (**a**) schematic drawing (**b**) T1 weighted MRI image after i.v. injection of gadolinium showing the coalescent mastoiditis (M) with exteriorisation of the purulent material in the subperiosteal space (SPA) through a large cortical defect. An intracerebral abscess (ICA) is another concomitant complication in this case

#### Facial Nerve Palsy {#Sec35}

Facial nerve palsycan result from infectious neuritis or inflammatory compression of the facial nerve as it traverses the temporal bone.

#### Labyrinthitis {#Sec36}

Clinical features of labyrinthitis include tinnitus, hearing loss, nausea, vomiting, dizziness, vertigo, and nystagmus. Labyrinthtitis is caused by spread of bacteria from the middle ear to the labyrinthine space through the round window membrane. More often the involvement of the labyrinth is a reaction to bacterial exotoxins rather than bacterial invasion. This so-called otogenic labyrinthitis is unilateral in contrast to meningogenic labyrinthitis which is usually bilateral. MRI is the study of choice and shows that the endo- and perilymphatic spaces are filled with purulent material (Fig. [2.13a](#Fig13){ref-type="fig"}). The inner ear enhances on the T1-weighted images performed after gadolinium injection (Fig. [2.13b](#Fig13){ref-type="fig"}).Fig. 2.13Axial IRM images of a coalescent mastoiditis complicated by labyrinthitis (**a**) T2 weighted axial image showing purulent material in the mastoid as being slightly hyperintense (\*). The endolymphatic/perilymphatic spaces of the cochlea (short arrow) and the semicircular canals (long arrow) are hypointens, as the content of the IAC (white empty arrowhead) in comparison to the normal left side with hyperintense fluid in the cochlea (short dashed arrow), the semicircular canals (long dashed arrow) and the IAC (dashed arrowhead). (**b**) on T1 weighted image post Gd and fatsat, the purulent material in the mastoid does not show any enhancement (\*), but the whole right labyrinth shows an important contrast uptake, also the ICA, in comparison to the normal left side (same annotations for the different anatomic structures as in (**a**)

#### Petrous apicitis {#Sec37}

Infection in the mastoid may spread to other parts of the skull, resulting in osteomyelitis. Osteomyelitis of the petrous apex may be associated with facial nerve palsy or Gradenigo syndrome (i.e., otorrhea, retro-orbital pain, ipsilateral abducens \[sixth cranial nerve\] palsy, and possibly other cranial nerve deficits) .

#### Bezold abscess {#Sec38}

A Bezold abscess is a neck abscess located in the sheath of the sternocleidomastoid muscle. Clinical features of Bezold abscess include swelling and tenderness below the mastoid process and under the sternocleidomastoid muscle.

### Intracranial Complications of Acute Coalescent Mastoiditis {#Sec39}

Intracranial complications occurs in about 6% to 23% of cases with coalescent mastoiditis \[[@CR38], [@CR39], [@CR79]\]. Altered mental status, neurologic deficits including cranial nerve palsy, high fever, neck stiffness, seizures, and severe headache should be concerning for intracranial disease.

#### Meningitis {#Sec40}

#### Temporal Lobe or Cerebellar Abscess {#Sec41}

Increasing temporoparietal headache, near the affected ear, is often the only indication of otogenic brain abscess formation \[[@CR33]\] (See Figs. 10.1007/978-3-319-72962-6_9\#Fig17--10.1007/978-3-319-72962-6_9\#Fig20, Sect. 10.1007/978-3-319-72962-6_9\#Sec24).

#### Epidural or Subdural Abscess {#Sec42}

Although rarely seen, among all intracranial complications of middle ear disease, epidural abscess formation is the most common \[[@CR80]\] (See Fig. 10.1007/978-3-319-72962-6_9\#Fig19, Sect. 10.1007/978-3-319-72962-6_9\#Sec24).

#### Venous Sinus Thrombosis {#Sec43}

Sinus thrombosis is the least frequent one \[[@CR81]\]. Sigmoid sinus thrombosis has become increasingly uncommon, whereas in the pre-antibiotic era this complication was mortal in over 90% of the cases \[[@CR81], [@CR82]\].

Patients may present with otorrhea, otalgia, neck pain, fever, and chills \[[@CR83]\]. But often presenting signs and symptoms are subtle or nonspecific and not in proportion to the magnitude of the problem, leading to a common delay in diagnosis \[[@CR84], [@CR85]\]. Consequently, a high index of suspicion is actually required to make the diagnosis \[[@CR81], [@CR82]\].

Imaging studies should be performed in all coalescent mastoiditis patients with pain or vertigo that is not rapidly resolving after appropriate antibiotic treatment \[[@CR82]\] (See Figs. 10.1007/978-3-319-72962-6_9\#Fig14 and 10.1007/978-3-319-72962-6_9\#Fig15, Sect. 10.1007/978-3-319-72962-6_9\#Sec24). The therapeutic strategy is a point of debate, and ranges from internal jugular vein ligation, anticoagulation therapy, to the administration of less conventional antibiotic therapy \[[@CR86]\].

Management {#Sec44}
----------

### General Concept {#Sec45}

The treatment of acute coalescent mastoiditis depends upon the stage and presence or absence of complications.***Antimicrobial therapy and drainage of the middle ear and mastoid are the cornerstones of therapy for coalescent mastoiditis.***

***The rates of*** in treatment of acute coalescent mastoiditis vary greatly in the range between 9 and 88%, as is reported in the literature \[[@CR62]\]***alone*** may fail to prevent the development of complications of acute coalescent mastoiditis. In a series of 223 patients, 8.5% developed complications during antimicrobial therapy \[[@CR42]\].The use of single, high-dose intravenous (IV) steroids is warranted to decrease mucosal swelling and promote natural drainage through the aditus ad antrum into the middle ear.**may be warranted if one or more of the following are present** Postauricular fluctuant, mass, or swelling (suggesting subperiosteal abscess)Cervical fluctuance (i.e., Bezold abscess).Imaging studies with evidence of rim-enhancing fluid collection, mastoid air cell coalescence, cortical bone erosion, or intracranial involvement.High-spiking "picket-fence" fever (may indicate sigmoid sinus thrombophlebitis)Neurologic signs (e.g., facial weakness, meningeal signs, focal deficits, altered level of consciousness, seizures); consultation by a neurosurgeon is also indicated.

### Management of Uncomplicated Coalescent Mastoiditis {#Sec46}

***Uncomplicated*** ***acute coalescent mastoiditis is treated with intravenous (IV) antimicrobial therapy and myringotomy with placement of a tympanostomy tube***

Numerous patients with uncomplicated mastoiditis respond well to conservative treatment. Unfortunately, we are still not able to predict which patient will have a poor response or which will develop severe complications.***Patients should be monitored daily for clinical response. If there is no clinical improvement in 48 h, mastoidectomy should be done*** ***.***

### Management of Complicated Mastoiditis {#Sec47}

***Acute coalescent*** ***mastoiditis with extracranial or intracranial complications is usually treated with IV antibiotics, myringotomy with placement of a tympanostomy tube, and mastoidectomy.***

When a subperiosteal abscess is noted at presentation*, some otologists favor postauricular aspiration as the initial procedure* \[[@CR87]\].

### Antimicrobial Therapy {#Sec48}

Because of the diversity of causative organisms in acute coalescent mastoiditis and the growing resistance of bacteria to the various antibiotics, all means to obtain a sample for culture and sensitivity prior to antibiotic treatment should be taken.

Empiric antimicrobial therapy for children with acute mastoiditis without a history of recurrent AOM or recent antibiotic administration should provide coverage for the most frequent bacterial pathogens: *S. pneumoniae* (including multiply resistant *S. pneumoniae*), *S. pyogenes*, and *S. aureus* (including methicillin-resistant *S. aureus*).

In a child with either no previous history of AOM or a history of a remote episode (i.e., \>6 months before), empiric antimicrobial therapy with [*vancomycin*](https://www.uptodate.com/contents/vancomycin-pediatric-drug-information?source=see_link) alone (60 mg/kg per day divided every 6 h with a maximum dose of 4 gm/day) should be started until microbiologic results are available.

For children with a history of recurrent AOM (most recent episode within 6 months) or recent antibiotic use, adequate coverage for gram-positive and gram-negative pathogens usually entails combination therapy. Antibiotics active against *P. aeruginosa* should be included in the empiric regimen.

Upon diagnosis of the acute mastoiditis, initial antimicrobial is given intravenously. The patient can be switched to oral antibiotics when improved clinically and culture sensitivity days and oral antibiotics to complete a 4 weeks course.

### Surgical Treatment {#Sec49}

**Early drainage interrupts the pathologic process and prevents complications** \[[@CR42]\].

#### Myringotomy {#Sec50}

Myringotomy permits drainage of the mastoid if the aditus ad antrum is not blocked. Tympanostomy tubes permit drainage over a longer duration. Postoperatively, antibiotic/steroid drops are used to keep the tube patent and to reduce middle ear swelling. Antibiotic/steroid drops are continued until the otorrhea ceases.

#### Mastoidectomy {#Sec51}

Mastoidectomy is performed to remove the mastoid infection, open the aditus ad antrum, and provide external drainage. Indications for mastoidectomy may include:Computed tomography evidence of coalescent mastoiditis (regardless of other clinical features)Subperiosteal abscessOther suppurative complications of acute mastoiditisProgression or persistence of fever, ear pain, postauricular swelling, or drainage despite parenteral antimicrobial therapy and tympanocentesis/myringotomy

### Treatment Response {#Sec52}

The response to treatment of acute mastoiditis is monitored through serial examination of the postauricular region, the external auditory canal, and the tympanic membrane and through measurement of inflammatory markers (WBC count and CRP).

In patients with acute mastoiditis, the above signs and symptoms should start to improve 48 hours after tympanocentesis/myringotomy and initiation of adequate antimicrobial therapy. Mastoidectomy is indicated in children who do not demonstrate adequate treatment response after 48 h. In this condition, imaging control of the temporal bone with intravenous contrast is indicated preoperatively.

### Prevention {#Sec53}

Early and adequate treatment of AOM reduces the risk of developing mastoiditis. Early recognition of the coalescent mastoiditis and its prompt treatment will decrease the risk of developing complications of mastoiditis.

Summary of Acute Coalescent Mastoiditis {#Sec54}
---------------------------------------

Acute coalescent mastoiditis is a complication of AOM in which purulent material accumulates within the mastoid cavity. As the pressure increases, the bony septae between the mastoid air cells may be destroyed (coalescent mastoiditis), abscess cavities may form, and the purulent material may progress into adjacent areas.

Characteristic featuresof coalescent mastoiditis include postauricular abnormalities (tenderness, erythema, swelling, fluctuance, mass and protrusion) of the auricle; most patients also have fever and ear pain.

The diagnosis of acute coalescent mastoiditis is usually made clinically in children with characteristic examination findings. Imaging is necessary to confirm the diagnosis and evaluate suspected complications.

Treatment requires empiric antimicrobial therapy and drainage of pus from the middle ear and mastoid cavity.

### Conclusion {#FPar9001}

AOM remains a common pathology for children even in developed countries. Its accurate diagnosis is simple and relies on adequate otoscopy. In nowadays practice, presumptive or confused diagnosis is inacceptable. The correct evaluation of the middle ear under perfect conditions during the presenting episode must be the rule. Antibiotics and paracentesis are the valuable means of treatment.

Strict follow up when the child becomes asymptomatic is of the utmost importance in order to evaluate residual effusions, avoid recurrences, complications and sequelae. For these objectives, the positive collaboration between family physicians, pediatrics and otologists is a major disciplinary measure to implement for a better outcome.
